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Device for hydrodynamic focussing of a particle-suspension in a liquid flow cytophoto meter 



The invention relates to a device for liquid 
flow cytophotometer including a device for 
hydrodynamic focussing of a cell- or particle- 
suspension towards a measuring area, and an 
optical excitation- and detection-system. 

Cytophotometry is an important operating 
method in cell biology research, especially in the 
field of comprehensive cancer research. Thus, it 
is considered important to investigate the 
abnormal growth in cell populations where new 
cells are created by means of cell division. 
During its synthesis phase the cell will double its 
DNA-content. In this way one gets two new 
cells when the cell divides (the mitotic phase). 
By measuring the DNA-content per cell it is 
possible to determine the distribution of the 
cells on the various cell cycle phases. The frac- 
tion of cells containing an increased DNA- 
content in a cell population can be a measure of 
the multiplying activity. It is important that the 
distribution of the cells in a cell population of 
various cell cycle phases can be determined 
with a great accuracy. Statistical errors can only 
be avoided by measuring several thousand cells. 
This necessitates that the individual measure- 
ments are done very fast 

The so-called liquid flow cytophotometry is a 
technique which is now applied for such 
measurements. Today there is an increasing use 
of this technique in connection with research as 
well as diagnostic purposes. The principle of 
such a method Is to lead a limited flow of cells 
stained with a fluorescent dye, quantitatively 
bound to the ceil components which are to be 
studied, through a beam of exciting light and 
then measure the intensity of the resulting fluor- 
escence pulses. The distribution of the cells with 
regard to a certain component, such as DNA, 
can thus be determined with great accuracy and 
with a rate of the order of 10 3 per second. The 
cells are automatically transported to the 
measuring spot in a liquid flow, usually water. 

Thus, the cells are not spread on a glass 
plate, but are kept in a liquid suspension. This 
suspension is driven through a capillary tube, 
and by means of a concentric sheath flow 
flowing around the tube mentioned above and 
in the same direction as the cells and contain- 
ing no particles, the cell flow is hydro- 
dynamically fbcussed so that the cells pass 
through the strictly limited area in the 
measuring focus of the cytophotometer. The 
cells pass by one after the other through this 
measuring area at high speed, just like 
mentioned above. 

The measuring of the cell components is 
done by means of a microfluoro meter. As 
mentioned above, the cell component must be 
stained with a fluorescent dye. When a cell 
containing such a fluorescent dye passes 
through the focussing area of the microscope lens, 
it excites fluorescent light which is collected by 



the lens and then lead to a photomultiplier. The 
signal from this photomultiplier is registered 
' and expresses the cell-contents of the 
component in question. 

5 A well-known liquid flow cytophotometer 

(US — A — 3 738 759) applies the technique 
mentioned above. It comprises a closed system 
including a sheath flow measuring chamber. 
This chamber consists of a glass- or metal-body 

to with channels in a T-form. By means of suction 
the sheath flow and the particle suspension 
which is to be measured are lead through the 
channel forming the T-form system, and 
accurately centered along the optical axis of the 

15 system. In this way one gets a measuring area 
at the peak of the T-form, i.e. at the area of the 
perpendicular channels constituting the arms of 
the T-form. One of the perpendicular channels 
transports a cleansing agent, while the other 

20 represents a drainage channel for the fluid flow 
containing measured particles. Thus, by using 
this well-known technique one gets a supply of 
particles along the optical axis with a focussing 
of every particle lying in the measuring aperture 

25 level. The optical system which is applied here 
comprises a so-called oil immersion optics 
which is known to the expert. The optics is in 
contact with the liquid suspension containing 
the particles or the cells which are to be studied. 

30 There are also known liquid flow cytophoto- 
meters described in the US-A 3 661 460 using 
closed sheath flow measuring chambers, but 
' where the liquid flow is lead perpendicularly 
through the exciting light in the measuring area. 

35 Another liquid flow cytophotometer is 
described in DE— A 2 709 399. Within a closed 
chamber a hydrodynamically focussed liquid 
flow of particles is directed at a fixed angle 
towards a transparent plate covering the 

40 chamber. The flow channel is bent like a knee in 
the portion where the particles pass the 
transparent plate, thus forming an edge defin- 
ing two observation zones. The diameter of the 
flow channel around this edge is further 

45 narrowed, so that some times a blocking of the 
flow may occur. There are strong mechanical 
and hydrodynamic limitations regarding the 
knee angle and with respect to the angle 
between the cover plate and the bisectrix of the 
so edge. For cleaning the Inner side of the cover 
plate the chamber has to be disassembled. Ob- 
servation is only possible by an incident light 
method directing the light through the cover 
plate. 

55 * The well-known liquid flow cytophoto meters 
mentioned above are complicated, and that leads 
to high construction expenses. Nowadays there 
is an ever increasing demand for a simple and 
inexpensive instrument which can be used in 

60 connection with routine investigations. The 
present invention provides a construction using 
a standard fluorescence microscope — 
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preferable with immersion optics — with a suit- 
able photometer, and hydrodynamic focussing 
of a particle suspension. This construction is 
relatively inexpensive, easy to operate and gives 
a high resolution and stability. 

In the device according to the invention the 
focussing device is being formed as a separate 
nozzle assembly which Is directed at a 
predetermined angle <x to the optical axis y of 
the system towards a surface of a plate situ- 
ated in the object plane of the optics, thus 
directing the laminar liquid flow through the 
open air towards this surface. In this way a 
laminar liquid flow of the suspension is 
obtained. In contrary to the state of the art it is 
pointed out that this device does not apply a 
closed chamber, wherein the particle 
suspension is lead and focussed, but that the 
liquid jet is passed towards the measuring area 
in the air. Using this invention the measuring 
area can be the surface of a transparent plate, 
for instance a replaceable cover glass, in con- 
tact with the optics. But It is also possible to 
have the optics on the same side of the plate as 
the nozzle assembly. 

The present device provides measuring 
results at least as good as the best results 
obtained with the above mentioned 
constructions. Furthermore, the present device 
results in a much easier setting up and 
focussing of the instrument than is the case 
with well-known systems. Due to the measur- 
ing area and the nozzle being constructed as 
separate parts situated in air, the user can easier 
inspect and clean the instrument. Thus, the 
cover glass in the measuring area can easily be 
washed or replaced. Furthermore, it is easy to 
flush the hydrodynamic focussing device Includ- 
ing the nozzle. As the nozzle assembly is adjust- 
able in relation to the optical axis of the system, 
various angles of incidence can be obtained for 
the liquid jet containing particles. 

Thus, the nozzle assembly can be turned 
between a vertical and a horizontal position in 
relation to the level of the measuring area. The 
adjustable device of the nozzle assembly makes 
it possible to measure asymetric effects of the 
particles or the cells which are being studied. 
This Is of interest when one needs information 
about the form of the particles. Such effects are 
difficult to measure when the liquid jet is per- 
manently vertically aimed at the measuring 
area, as is the case with the above mentioned 
well-known systems where a closed liquid flow 
chamber is applied. 

A drainage device is situated in the periphery 
of the measuring area, and this device is 
preferable made by a tube connected to a 
suction pipe. 

In the following the invention will be 
described with reference to the enclosed figure 
showing a schematic side view of the present 
device. The nozzle assembly is adjusted so that 
it forms an acute angle with the level of the 
measuring area. 



The nozzle assembly 1 is placed in a holder 2 
with an inlet tube 3 for the sample suspension 
containing particles which are to be studied. 
This inlet tube 3 dissolves into a thin tube which 

5 extends centrally and axially into the nozzle 
assembly 1 . The holder 2 is provided with an 
inlet tube 5 for sheath flow liquid, and this tube 
leads into the nozzle assembly 1 so that the 
sheath flow liquid is able to flow around the 

to cavity needle 4. The nozzle assembly has a 
nozzle 6 with its outlet over a cover glass 7 
situated above and in contact with an 
immersion oil coating 8 on a microscope objec- 
tive 9. 

ts The figure shows that the cover glass 7 is 
resting on a holder 10 connected to the 
microscope stage. As mentioned above, the 
nozzle assembly 1 can be adjusted in relation to 
the optical axis of the system, i.e. between a 

20 vertical and a horizontal position, represented 
by the y-axis and the x-axis, respectively. In the 
figure the holder 2 with the nozzle assembly 1 
and the nozzle 6 is inclined in relation to the y- 
axis of an acute angle or. In order to remove 

25 liquid from the cover glass 7 as this flows out of 
the nozzle 6 a drainage 12 connected to a suc- 
tion pipe has been set up. 

As for a further description of the liquid flow 
cytophotometer, describing how the present 

30 and schematically shown device is operated, 
reference is made to the literature in this field 
which is known to the specialist. 

When using the present device in a liquid 
flow cytophotometer, a particle- or cell-suspen- 

36 sion is lead through the tube (3). At the same 
time a sheath flow liquid is lead through the 
tube 5, and bv means of the nozzle 6 on the 
nozzle assembly 1 these two components 
create a hydrodynamically focussed sample 

40 stream constituting a liquid flow in air, which is 
directed towards the microscope cover glass 7 
on the objective system 8, 9. In this way a 
laminar well-defined and stable flowing area is 
obtained on the cover-glass 7. This can be 

45 observed through the fluorescence microscope 
in incident light, i.e. with the excitation light 
focussed through the objective 9. The liquid is 
removed from the cover glass 7 by means of the 
drainage 12. 

so It has been found that large angles of inci- 
dence, for instance a = 70°, give somewhat 
better results than those obtained when using 
other settings of the angle of incidence, for 
instance a = 0°, i.e. the liquid flow is lead per- 

55 pendicularly onto the cover glass 7. 

Generally, the present device may be applied 
in connection with any fluorescence micro- 
scope with the illumination through the objec- 
tive. The high speed of the liquid flow in the air 

60 {approximately 10 m/sec.) and the laminar flow- 
ing pattern on the cover glass has the effect that 
the system may be set up in any direction. The 
present device enables the specialist to set up a 
liquid flow cytophotometer which is superior as 

6& regards resolution, simplicity and rational use, 
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and which makes it possible to obtain 
measuring results at least as good as those 
obtained by well-known commercially available 
systems. 

When set up vertically the present device 
may be applied for volume measurements 
based on the Coulter principle by applying a 
metal coating on the inner surface of the nozzle 
6 and a ring on the upper surface of the cover 
glass 7, thus providing electrodes for the ionic 
current applied for such measurements. In this 
way the short liquid flow between the nozzle 6 
and the cover glass 7 will constitute the sens- 
ing region of a change in the electric impe- 
dance induced by a passing particle or cell. 
Furthermore, light scattering measurements 
may be made by using a phase contrast objec- 
tive and an annular detector situated in the 
shadow cast by the phase contrast ring. Large 
angles of incidence (i.e. 70° or more) are most 
practical for such light scattering measure- 
ments, because such angles of incidence make 
h possible to center a light scattering detector in 
the area of the optical axis. 

Claims 

1. Device for liquid flow cytopho to meter 
including a device for hydrodynamic focussing 
(4,6) of a cell- or particle-suspension towards a 
measuring area, and an optical excitation- and 
detection-system (9), characterised by the 
focussing device being formed as a separate 
nozzle assembly (1) which is directed at a pre- 
determined angle (a) to the optical axis (y) of 
the system towards a surface of a plate (7) situ- 
ated in the object plane of the optics (9), thus 
directing laminar liquid flow through the open 
air towards this surface. 

2. Device according to claim 1 f characterised 
in that the plate (7) is transparent. 

3. Device according to claim 1 or 2, charac- 
terised in that the plate (7) is replaceable. 

4. Device according to claim 1, charac- 
terised in that the nozzle assembly (1 ) is adjust- 
able with respect to the optical axis (y). 

5. Device according to claim 1, charac- 
terised by a drainage device (12) — made by a 
tube connected to a suction pipe — being situ- 
ated in the periphery of the measuring area. 

Revendications 

1. Dispositif pour un cytophotomfctre d 
6coulement liqutde comprenant un dispositif 
pour la focaiisation hydrodynamique {4, 6) 



d'une suspension de cellules ou de particules 
vers une zone de mesure et un systSme 
d'excitation et de detection optique (9), carac- 
t6ris6 en ce que le dispositif de focaiisation a la 

5 forme d'un ensemble s$par6 d'une tubulure (1) 
qui est dirigS a un angle pr6d6termfn6 (a) par 
rapport d I'axe optique (y) du systSme vers une 
surface d'une plaque (7) situSe dans le plan 
objet du systdme optique (9), afin de diriger 

10 ainsl un ecoulement liquide laminaire d travers 
I'air libre f vers cette surface. 

2. Dispositif selon la revendication 1, 
caract6ris6 en ce que la plaque (7) est trans- 
parente. 

is 3. Dispositif selon la revendication 1 ou 2, 
caract6ris6 en ce que la plaque (7) est rem- 
placable. 

4. Dispositif selon la revendication 1, carac- 
t£ris6 en ce que I'ensemble de la tubulure (1) 

20 est rgglable par rapport h I'axe optique (y). 

5. Dispositif selon la revendication 1, carac- 
t6ris6 par un dispositif de drainage (12) forme 
d'un tube connect^ k un tube d'aspiration, qui 
est situ§ dans le pourtour de la zone de mesure. 

25 

Patents nspruche 

1. Vorrichtung fur DurchfluB-Zytophoto meter 
mit einer Vorrichtung (4, 6) zum hydrodyna- 

30 mischen Fokussieren eine Zellen- oder Partikel- 
suspension auf einen IvTeBbereich und einem 
optischen Anregungs- und Detektorsystem (9), 
dadurch gekennzeichnet, daS die Fokussier- 
vorrichtung als eine getrennte Dusenanord- 

35 nung (1) ausgebildet ist, die unter einem vor- 
gegebenen Winkel [a) mit der optischen Achse 
(y) des Systems gegen die OberflSche einer 
Platte (7) gerichtet ist, welche in der Objek- 
tebene des optischen Systems (9) angeordnet 

40 ist, so daB ein laminarer FIQssigkeltsstrom durch 
die freie Luft gegen diese Oberfiache gerichtet 
. wird. 

2. Vorrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet daS die Platte (7) transparent ist. 

45 3. Vorrichtung nach Anspruch 1 oder 2, da- 
durch gekennzeichnet daS die Platte (7) aus- 
wechselbar ist 

4. Vorrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet daB die Dusenanordnung (1) in 

so Bezug auf die optische Achse (y) einstellbar ist. 

5. Vorrichtung nach Anspruch 1, gekenn- 
zeichnet durch eine Absaugvorrichtung (12)- 
gebildet von einer mit einer Absaugleitung ver- 
bundenen RShre — welche am Rand des MeS- 

55 bereichs angeordnet ist. 
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